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TECHNICAL REPORT No. 313

DRAG AND COOL~TG WITH VARIOUS FORMS OF COWLING FOR A
“ WHIRLWIND “ RADIAL AIR-COOLED ENGINE-I;

By Fred E. Weick

SUMMARY

The National Advisory Committee for Aeronautic ha8 undertaken an investigation in the
i?O-foot PropeZer Re~earcli Tunnel at Langley Field on the cowling of radial air-cooled engines.
A portion of the investigation haa been completed, in which gereral forms and degrees of cowling
were te8ted on a Wright CCWhirlm-nd” J+ engine mounted in tfie nose of a cabin fu8elage. The
ccdings txmied from the one extreme of an entirely ezpo8ed engine to the other in which the engine
was entirely incldaed. (holing tests were made and each cowling mdijied, if nece88ary,until the
enfl”ne cooled apprm”mately as satisfactorily a8 wfien it was entirely expo8ed. Drag tests were
then made uitli each form of cowling, and the e~ect of the cowling on tb propdsire e~ciency deter-
mined with a metal propeller.

The propdsire efioiency was found to be practically the same with all forms of cowling. 21e
drag of the din fuselage with uncowhd engine wa8 found to le more than three time8 as great as
the dmg of the fweluge uith the e~”ne remored and no8e rounded. The conventional forms of
cowling, in which at kast the top8 of the. cylinder heads and ?mlregear are exposed, reduce th~ drag
somewhat, but the cowling entirely corering the e~”ne reduces it g.6 times as much as the be8t con-
rentionul one. The decrease in drag due to theuse of sp”nner8 prored to he almo8t negligible.

l%e u8e of the cowling comp~tely co.rering tfie engine seems entirely prachkal w regarda both
cooling and maintenance under 8eroice can.dition8. It nNi8t he care~y dei?igned, bwet!er, to cool
properly. WWi cabin juse.Lzge8 it8 use shauld result in a substantial imea.se in high 8peed orer
that obtained w“th present fomn8 of cowling on e~”nes simifar in cmtowr to tfie J4.

INTRODUCTION

The problem of cowling radial air-cooIed engines has puzzled aircraft designera since the
adoption of the static radial engine. The cowLinghas an important effect on both the cooling
of the engine and the drag of the airplane, and no reIiabIe data on either have been available.

At the conference of aircraft manufacturers heId at LangIey FieId on May 24, 1927, several
requests were made that an investigation of the cowling and cooling probIem in regard to radial
air-cooIed engines be undertaken in the new fu&scaIe Propeller Research Tunnel which was then
just being compIeted. A program for a series of tests was drawn up and submitkd to the
manufacturers for criticisms end suggestions, several of which were adopted. ,,

The program as limdly arranged includes 10 main forma of cowling to be tested on a J–5
engine in connection with 2 fuselages, 3 on an open cockpit fuselage and 7 on a cIosed cabin
type. The seven forms of cowling on the cabin fusekge range from the one extreme of an engine
entirely exposed except for the rear crank case, to the other extreme of a tddy imdosed engine.
One of the cowIinga with the open coch~it fusdage incIudea individual fairinga behind each
cylinder. Three forms of cowling, two of which are on the cabin fuselage, afford direct mmpmi-
sona with and without a propeller spinner. The program invoIves the measurement of the
engine cylinder temperatures, each cowling being modif%d, if necessary, until the cooIing is
satisfactory. The coding is then tested for its eEect on drag and propukh-e efficiency.

Imk rem w @irdIy pnbhhed ash-.A. C. A Techdcal Note No. 301.
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The portion of the investigation invol~ the cab.n fuselage is covered in this report, and
the rest of the investigation will be given in another report called part 2 (reference 2).

Although the tests me being made in the Propell.a Research Tunnel, a great deal .of help
has been received km other sections of the laboratory, especially the Flight Operations Section,
which made a beautiful job of the cowling and also contribubd many helpful suggestions, and
the Power Plants Division, which conduchd the measurement of the cylinder tn”mperatures.

METHODS AND APPARATUS

The-PropelIer Research .Tunnel is of the open throat type with an air stream 20 feet in
diameter, in which velocities up to 110 M. “P.-H. cm.be obtained. A complete description of
the tunnel, balances, and other measuring devices is giyen in Reference 1.

A standard Wright “whirlwind” J–5 engine delhgying 200 HP. at 1,800 R. P.M. was used
for these tests. It was mounted Q. a dynamometer inclosed within the fuselage so that the
engine torque could be measured ..directiy. The torque as measured included the torque on the
engine cyliqders due to the twist of the slip stream. ln order to correct for this effect a speciaI
test was made in wb.ich three J–5 cYliRderscomplete with valve hous~gs were moufi~d Under
the front portion of .a.watercooled Wright E-2 engine on a VB-7 fuselage in the PropclIer
Research Tunnel (Fig. 11). The cylinders were in the same position relative to the propeller
as on a J–5 engine. ~~The middle cylinder only was supported in such a manner that its torque
abcmt the engine axis couId be measured, and the same propeller used in the cowling tests was
driven by the E-2 @@e. The torque on the middle c@inder was then found for various engine
and air speeds yzith d.iflerent-amounts of cowling,. rind the results have been used to apply a
correction, amounting ta as much es 3..per cent in some cas&, to the eigine torque and power.

The cabin fuselage.was designed to have a shape and size approximating the average of the
fuselages of several commercial “WbMtid” @ne~,gabin monopl~es. The !useI%e wcs Of
rectangular cross section from the maximum section tg. the tail, and the forward portion was
graduaIIy faired to a circular section at the ~gbe. ...Tfi w?@e forwd por!io~ w= r~builfi
for the varicnmcowlings.

In order ta make certain that the tests would be_directly applicable to the preaerit-dny
figh-wing cabin monoplanes, a stub wing and pilot~~ extension cabin agd windshield. were
mounted on the fuselage and tested with three dHerant cowlings. The ~, which wti con-
structed of. flat sheet .alumhmm over a .wo.edenframe, had the Gdtjingen 398 section, with a
7-foot chord and 16-foot span.

The open cockpit- fuselage is similar in Bh.apeto_&&Mof ~ .Voyght UO–1 @lane, and a
UO-1 type landing gear is being used wi~ both the open andcgbinfusel~gea k @ investigation
in order. to keep the landing gear factor constant.

The cylinder temperatures of the J–5 engine were-measured”at .69different points, 47”bcing
on the top (Number .1) cylinder and the.resttiistribut.ed.at two .or t~w ~Wesentative Po&@ on
each of the other cylindem. A mass of other engine data such as the manifold depression, fuel
consumption, and carburetor air temperature, wero also obtained. Only a small portion of the
engine data is necessary to the present investigation, and mostnof it, along with a complote
description of the thermocouples., pyrometers, and other instruments, ivilI be published in a
separate report by the Power ??lantaDivkion of the laboratory.

The tie program includes ten main sets of Cowljxxg: Numbers 1, 2, and 3 are to b: ~~d
with the open cockpit fuselage and have not yet been tested.. The cowlings testad on thq cabin
fuselage may be outlined as follows:

Number 4. ?!Ta.cowling over cylinders or crank csse. T&ted with and without .Wing.
(Fig. 1.)

Number 5. Cowling covming slightly “h tham one-half of etich cylinder and over crank
case. Tested with and without. wing. (l@. 2.)

Number 6. Same.as Number 5, but with spinner. Tested with and *thout Whg. @lg. 3.)
Nuniber 7. Cowling over nearly all of each cylinder and over crank case. (Fig. 4.)
Number 8. Same as Number 7, but with spinner. W%. 5.)
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Number 9. SingIe co-ding completely co-mri.ngcyIindem, but no oowding over crank case.
(Fii. 6.)

hTumber10. Same as h’umber 9, but with interred coding sindar to Number 5 mw.rIower
portion of cyIinders and crank case. (l?ii. 7.)

All of the cow.hgs were constructed in a practicaI manner with fie walls and Iouve~.
The &st test made with each cowIing was on the cooling properties, the cylinder tempera-

tures with the uncowIed engine (Number 4) beiug used as a criterion. In the first few serias of
cooling tests the engine was run at full tbrottIe at air speeds of 60, 80, and 100 M. P. H. At
each speed the run was maintained until the h.mperature conditions had become constant.
It was found that in each case the engine ran slightly warmer at 80 M. P. H. than at either 60
or 100, so the remainder of the tests were run at 80 M. P. H. as representing the worst flight
conditions for cooling. The conditions were therefore simiIa.rto those in an extended full throttle
climb in flight. If the cooling with any cowling was not assatisfactory as that with the uncowled
engine, the coding was modi.fled until satisfacto~.

Drag tests were run with the various codings, both as they were originally constructed
and as they were firdy modified to cool properly.

After a cowling cooIed properIy, propeller tests were made to determine the effect of the
cowling on the propukive dliciency. The propeIIer, which had adjustable ahuninum alIoy
blades (l?@. 31), was t&ed at both a Iow and a high pitch setting with each cawling. The hub
to which the blades were fitted was of steeI, and in order to save weight, had been made 1 inch
shorter than the hub for which the bIades had been dasigned, so that while the drawing show a
9-foot propeIIer, the diameter in these tests was actually 8 feet 11 inches. The propulsive
efficiency found from these propeller tests incIudes the increase in drag of all parts of the body
affected by the slip stream and ako the effect of the body interference on the propeller thrust
and povver.

COOLINGTESTS

The cylinder temperatures obtained with cowling Number 4 (mgine uncowIed, Fii. 1, 12,
and 13) at fuU throttle and 80 M. P. H. were used as a criterion by which to judge the cooling
with the othm forms of coding. The particnhmtemperatures used for comparison me tabulated
in TabIe I. The hottest part of each cylinder was the rear spark-plug boss, and it was at fit
thought that the average of the rear spark-plug boss temperatures for W nine cyIindm would
be used as a measure for comparison. In some rune, however, one or two cyIinders had very
Iow temperatures, probably because they were not developing fill power, so the average of the
five hottest cylinders has been taken as a better criterion of the coo?.ing. The highest temperat-
ure recorded on any cylinder was also used as a criterion, and ako three representative points
on cylinder h’umber 1 (top cylinder). One of these was at the rear spark-plug boss, one at the
rear cent.d portion of the barrel, and the third at the rear Iower portion of the barreI. The rear
points were chosen because they represented the highest temperatures around the cylinders.
In addition to the above cyIinder temperatures, the Lubricating oiI temperature and the temp-
erature of the air in the tunnel were considered. \

The temperature conditions under which thwe tests were made in the wind tunnel were
more severe than the conditions found in flight in a temperate cLimat.e,and probably’correspond
to those of a sustained fill throttle climb in a tropical ckaate. The cylinder temperatures
recorded were therefore in the neighborhood of 100° higher than have been found in f@ht tests.

The cooling with cowling Number 5 (F@. 2 and 14), in which the cowling covered the
crank case and nearly half of each cylinder, was better than with no cowling whatever over
the engine. The hottest five cylinder head temperatures averaged nearIy 70° F. lower than
with cowling Number 4, whale the cylinder bmreI and oiI temperatures were the same. With
cowhng hTumber6 @igs. 3 and 15), which was the same as Number 5 excepting for the spinnerl
the cooling effect wouId be obviously about the same as with Number 5, so no cooling tests
were considered necessary. (Since the full throttle running seemed unusually severe, and
since it vim necessary to run the engine with thermocouples attached for over 100 hours in all
no full thrott.Ieruining was done -whichwas not necessary.)
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Number 7 cowling (Figs. 4 and 16) as originally con@ucted inclosed the whole engine
except for the tops of the oylinder heads and the valve gear. At the front of the cyIinder the
cowling came just &der the spark plug, and at the rear it came just over the cylinder head
proper, inclosing the rear spark plug. The cooling with this’ cowling was not satisfactory, for
the oil and cylinder barrel temperatures were excessiye, although the head temperatures, even
those of the inclosed rear spark-plug boas, were considerably lower than with no cowling ov w
the engine.

Apparently with cowling Numbers 5,6,7, and 8; the air flows past the cylinder heads at
greater speed than with no cowling over the engine. In order to iinprove the oil and cylinder
barrel cooling with cowling Number 7, four slots were cut in the nose as shown in Figure 17.
These were effective in reducing the oil and .bqqel tem~eratures somewhat, but the temperatures
were still tQo high, and on this run the piston h c@nder” Number 9 failed, due apparently to
excessive temperature. The high piston temperature was probably due to the fact that with
the high oil and cylinder wall temperatures with cowling Number 7, the heat was not conducted
away from the piston skirt rapidly enough. The @ne was repaired, and six larger slots
were put in the nose cowling over the crank case as shown in Figure 18. Enough louvers were
already in the cowling behind the engine to permit the escape of the air passing through the
nose slots. With this arraqgment the cooling was considered satisfactory as compared with
that of the uncowled engine (Number .4). The cylinder head temperatures were a little lower
than for the uncowled engine, the oil temperature was practicality the same, and the barrel
temperatures were a little higher.

Incidentally, a series of tests with diflerent sized carburetor jets was run with cowling
Number 7. It was found that the cylinder temperatures cwdd be reduced m.aterially by
increasing the jet size.

Cowling Number 8, which was the same as Number 7 except that it had a spinner, is shown
as originally constructed in Figures 5, 19, and 20. On account of the large spinner, nose slots
similar to those in cQwling Number 7 could not be Wed. Instead, the cowling waa cut away
immediately in front of each cylinder, as shown in Figure 21, to make the engine cool properly.

Cowling Number 9 completely covered the engine. (J?@. 6 and 22]. The air was taken in
at the nose and alIowed to flow past the engine, which wai entirely uncowled tilde of the
outer hood, and out of an annular slot similar in section to some wing slots which have been
tested. This type of nose and slot were designedto offer = tittle ~t~rbance ~ the flOWof .
air over the fuseIage m possible, separating the air for cooling the engine from the “gencral flow
and then feeding it back smoothly through the slot. No information was available when this
cowling was designd regarding the necessary siie of the hole in the nose or the dot. ~ fie .
cooling test with the original Number 9 cowling the “cylinder head temperatures becarm exces-
sive in a VW-Yshort time.

Number 10 cowling was the same as. Number 9 except that it had Number 5 cowling
inside also (Figs. 7 and 23), so that the air was directed more particularly at “thecylinder heads,
and at the same time had a smoother path past the engine. This improved the cooling of th8
cylinder heads slightly, but they still ran much too hot. During the test the head of Number
3 cylinder deveIoped a small hole about one-eighth inch in diameter, apparently caused by a
defective spot in the aluminum alloy becoming too hot to withstand the cylinder pressures.
This. cylinder was. therefore replaced, It is intere@ing to note that the two cylinders which
gave trouble due to cooliu~Numbers 3 and f+wgre deprived of @eir full share of cooling
air by the magnetos, which on the J–5 engine are.placed in front of the cylinders. ” “”

The outlet area at the slot had o&ina~ybeeri”made smaller than the Met mea, ~d the
cowling was then modified by cutting 3 inches off o;” the-skirt of”the hood or nose piece, which
increased the area of. the slot to that of the opening at the nose. With this modification the
cooling was fairly satisfactory except for the cyliR&rs located behh.id the m~netos (Num-
bers 2, 3, 8, and 9). The magnetos effectively blocked most of the air from those-cylinders.

Next, deilectora, as shown in F~ure 9, were installed between the cylinders to direct the
air to the hottest portions at the rear, These also raduced the temperatures slightly and were
retained. The next modification was to enlarge the hole in the nose from 24 inches to 28 inches

—.
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in diameter. It was thought that this would not only allow more air to flow past the engine, but
also enable some air to pass over the magnetos. ‘iWth the 28-inch opening the cooIing was much
better, but the cyIindem behind the magnetos, especially Number 9, stiII ran too hot.

Next a cut-out was made in the nosepiece over each ma=gneto. This improved the wnditions
samewhat.,but not sufficiently, so the cut-outs over the ma=gnetoswere enIarged, the cowling as
it then appeared being M shown in Figgrm 8, 242 and 25. With this arraqgernent, the cooling
was fairly sat,isfactc~, but the temperatures were still a littIe higher than for the UncowIed engine,
especially at the lower portion of the cylinder barreIs.

In the origimd design the sIot had been placed as far forward as possible in the hope that it
would he~p remove the boundary layer near the region of rather sharp curvature at the nose,
and thereby help reduce the drag. This necessitated a sharp rise in the interha~cow~~ imme-
diately behind the cylinde~, which hindered the flow of the cooling air. In an effort to reduce
mainIy the barrel, but also the head temperatures, stilI further, the rim behind the cylinders
was made gradual and the sIot moved farth8r back as shown in Figurea 8 and 26. The inside
deflectors were retained as before. With this arrangement the cooling was very neady as good
as with the uncowled engine, and for the first time with the cowling completely covering the
engine, the t=t was continued untiI the temperature conditions became constant (about 10
minutes). The five high~ head temperature averaged about 30° F. higher than for the
uncovded engine, the barrel temperatures averaged about 60° F. l@her, and the &I temperature
was onIy 5° F. higher. The oil temperature could, of course, be reduced by reducing the cowJing
covering the crank case. One thermocouple had consistently recorded the highest temperatures
with Number 10 cowling, and this one was still somewhat high.

A run was made next without the deflectors which directed the air around the cylindem
N of the cylinder temperatures became rather high in a short time, and *e run was stopped.

Since the above deflectors were evidently very helpfuI in coohg the engine, another run
was made with improved ones. The original deflectors directed the air around both sides-of
the cylinders, but the second set turned the air in one direction only, as shown in Figures 10 and
27. They -were larger than the tit ones, and directed about two-thirds of the air between
each two cylindem around the exhaust valve and rear spark phg. The cooling with this arrange-
ment was considered approximately as satisfactory as with the unco”wledengine. The cylinder
head temperatures were about the same, and the cylinder barrel temperatnms, which still
averaged about 60° F. higher, were considered.permissible.

In order to detwuine whether inclosing the propeller hub in a spinner would help the air flow,
and consequently the cooling and drag, the above cowling was tested with Number 6 nose insiie
as shown in Figure 28. After a few minutes of running it was apparent that the cooling and
drag were about the same as without the spinner, so the run was discontinued.

EESULTS OF DRAG TESTS

The obserred drag-test data are given in Table II and the results are plotted in F~ure 30.
The drag of the bare fuselage (without supports or lan&ng gear) with the various cowlings is
given for an air speed of 100 M. P. H. in the following table:

tFuS?kWmd i EedmUoII

! “%+s~ p%$gi%!
Cowung

. . .

Number 4.
Number 5.
Number 6.
Number 7.
Number 7.
Nur@er 8.
Number 8.
Number 10.
Number 10.
Number 10.
Number 4.

Engine uoowl@------------------------------
No spinner; o

- =::::::::::::::::::::::::: :: !S inn~r; OrISI
$ 0 qnnner; oti@ti-. --_-__ --.--_---_--_--L.! 103 22
Jfodu%d to. c@--------------------------- 1

111
S inner; oil@ --_--_-___-_-__--_--_--_=-- ;:
b!o@ified to cooL--_-__--_-____---_--_.--_.-.l

U10
106 19

Combination of 9 and 5; original ------------- ~

1
61

MOd.iki to cool ----------------------------
Modi&d to cool; tith~bner-.-----_.------- 75 :
Engine remmwd, nose romded---------------i 40 85
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The last item l@ted, Number 4.cowling with the ~gine removed and the nose rounded as
shown in Figure 29, has be.eminclude.ilw .anjd@with which to compare the effect of the various

- .—

cowlings. Using”this.as a bash? the ummwled engine ,!s res~on&ble for an increase in drag of
—..

85 pounds at 100 M. P. H. ‘
The outstanding feature of the drag tests b ‘the large redudion in drag obtained with the

.4:.

cowling which completely covers the.engine. Conside@g only the’cowlings which cool properly
the reduction of drag with Ninibtir “1Ocowhg.is about 60 p% c~”t of the total possible reduc-

.- .

tion, and is 2.6 tim~ .as great as with the next best, Number 8;
The drag of the bare fuselage without engine is O* 40 pounds at 100 M. P. H. When the

uncowled engine is placed on the nose the drag is incr&sed to 125 ~ounds, or 3.13 times that of
the bare fuselage wi&out e@e.” W;th. the be:t conventional cowling (Number 8) the drag is
106 pounds, or 2.65 ties that-of the fuseliige aloqej ‘@d with the cowling totally inclosing the
engine (Number..lO)&fJedrag is .75pounds, or 1.87 ties that of the fuselage without engine.

*The forms of co@ing most use@in service ‘tie simil.~ to Numbers 5 apd 6, and these havo a
very slight effect on the drag, and .co&equintly “mi @most insiificant effect oh thi”””pe=orrn~”‘- “”’- ‘-”
ante of an airplane. The reduction of drag is sma~”evW wm”~iatitically the whole of the cylin-
ders are cowled in, as in Number 8. . Apparently, if even a small portion of fie engine is =posed,
it is sufficient to disturb the smooth flow over the. b_@Y~~d the turb~ent flOWis asso~ated
with high drag. When the entire engine is coyered and the co.oigg air is separated from and
returned to the outside air smoothly, as with cowling N“ti”b& 10, the smoother flow is evicient]y
accompanied by a substantial decrease in drag. ““

It is interesting to note that with cowling N&b~&rs 7, 8, and 10, it cost, respectively, 8, 6,
and 11 pounds in drag at 100 M. P. H. to mtike the oi&#nal des~” cool properly. Apparently,
the method used with Numbpr 8, w~ch was to cut away the cowling immediately in front of
the cylinders, costs slightly less in drag than the eloti of Ngber 7.

The value of spinners in reducing the drag, when used.in front of radial air-cooled engines,
is shown by a comparison of cowling Numbers 5, 6, 7, and 8 as originally desighed. k each
case the drag with spinner was 3 pofids less at 100~. P. H. than the drag yithout spinner.
This would represent a difference in speed of a small fraction (about one-third) of a mile per
hour on an average airpkuie with a J-5 engine. .- ._,

It is interesting that the.stub wing with windshiiid increased the &rag only 57 pounds at “-””” ““
100 M. P. H. with cowling~_ymber 4 and 50 pounds with Numbers 5 and 6 (Number 4-had
slightly more pilot’s windshield exposed), although the drag of the wing alone would bm~bout .
75 pounds as computed from-model tests.

RESULTS OF PROPELLER TESTS

A large mass of propeller test data has been obtaig~d du@ng these cowling. tests, only a
small portion of which is necessary to show the ,effect of the various cowlings on propulsive
efficiency. The rest will.Le_wed in another report~~e@.ing v~t.h body interference. The pro-
pulsive eflicienciw o.bt&@e@.wj$h,.~heva&~_ cowlings are shown in Figure 32 for a prope]]er
blade angle of 16° at the 42-inch radius, and in”l?ig&=33 for 23””iii “t& W-inch radius. (These
angle settings correspond to pitch-diameter ratios Qf 0.66 arid 1.02,““thepitch being taken at
76 per cent of the radius. The pitch of this propelhis approximately uniform for all ;-orkiug
sections when the.pjtch-diameter ratio is about 0.5J... The curves of propu~lve efficiency are

-—

very nearly the same for all cowlings, although for both pitch sett@s the ii%ciaucies with cowl-
ing Number 10 are the highest. The “power“&d t~ust .coe~cignts w’ere also practically. t~~e
same for all cowlings.

.

DISCUSSION
—

E~ect on Aiplune Pwjormunce.

It is interesting to compare the various forms of. cowling with regard to their effect on the
performance of a typical ~’Whirhvind” engined cabin .mcmoplane. Suppose such an airplano
with an uncowled engine similar to Number 4”re@iiied 200 HP. to fly horizontally at 125
M. P. H. If the ajplane were equipped with the u&ial amount-of cowling, similar to Numbers
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5 and 6, the power required -would be reduced to 196 or 194 EP., respecti~ely, at 125 M. P. H.
If a coding similar to Number 8, which is the best of the conventional forms, were used, the
airplane would require only 187 HP., and with a cowling covering the entire engine similar to
Number 10, 167 HP. The ah@ane with the latter cowling could therefore fly at 125 hf. P. H.
with the engine throttled more than 100 R. P. M. flom the revolution speed required with the
uncowled engine. If the full 200 HP. were to be used, a cowling similar to Number 6 (with
spinner) would increase the speed kss than 1 M. P. H., one similar to Number 8, about 3 M. P. H.,
and one similar to Number 10, about 8 M. P. H.

Considering W types of cabin airplanes having the same engine, the higher the speed
attained with ordinary forms of cowling, the greater will be the improvement possible. This is,
of course, due to the fact that in the faster airplanes the fuselage-engine drag is a hmgerportion
of the total.

Pracficubizity.

All of the forms of cowhg tested have been used on airphmes in service excepting the one
entirely covering the engine. The forms inclosing a lmge portion of the engine have been
found rather poor fkom a maintenance standpoint because of the huge number of small parts
which must be removed when it is necessary to work on the engine. This difEcihy is accen-
tuated where metal spinners are used, but, fortunately, as these tests have shown, spinners
have an almost negligible effect on the performance of airplanes.

The Number 10 cowIing is similar to h’umber 5 in construction, escept for the nose piece.
%en thisisremoved, most parts of the engine requiring frequent attention are accessible. &
made for the tests, the nose piece for Number 10 cowling visa a l-piece ring which was easily
constructed and ea.dy handled, its shape being such that it was stifl and strong without bracing.
It had the disadvantage, however, that in order to remove it, it was fit necessary to take off
the propeIIer. To avoid this in practice it would probably be desirable to make the nose piece
in two or three quick-detachable sections.

With the J-5 engine it was necessary to have a rather sharp curvature at the nose of the
~Number10 cowIing. A better shape, and therefo~e stilI better performance, couId be obtained
with an engine having (1) a greater distance between the cylinders and the propeller, (2) smaller
over-fl diameter, (3) the vilve gear at the rear of the cylinders instead of projecting in front,
and (4) magnetos at the rear of the cylindem.

CONCLUSIONS

1. The drag of an average sized cabin fuselage with the engine removed and the nose rounded
is tripled by placing an uucowIed J–5 engine on the nose.

2. Vlth the conventiomd forms of cowling, in which a portion of the cyIinders and valve
gear is exposed, the drag becomes less as the cowling is increased, but even in the most extreme
case the reduction amounts to only about 23 pei cent of the increase in drag due to an uncowled
engine.

3. A sp~er, if used in front of a radial engine, decreases the drag but a vei-y small amount
and has an almost negligible effect on the performance of an airpkne.

4, With a cowIin.g similar to Number 10, which covers the entire engine and separat= the
cooling air from the general flow about the body, the reduction in drag is about 60 per cent of
the increase due to an uncowled engine. This is about 2.6 times as great as -withthe b=t corL-
ventional form of ocmding.

5. The use of cowling similar to Number 10 seems entirely practical as regmds both cooIing
and maintenance under service conditions. It must be carefully designed, however, to cool
properly.

L~GLEY MEMORIAL&ZRONAUTICnLABORATORY,
NATIONALADvmoRY COMMITTEEFOBAERONA~CS,

LMTGLEYFIELD, VA., 0cto7)er6, 1928.
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TABLE IL-OBSERVED GROSSDRAG DA7!A, INCLUDING LANDING GEAR AND
SUPPORTS-Continuecl
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APPENDIX

FLIGHT TESTS OF NUMBER 10

By THOMAS CARROLL

COWLING

. . . .

b order that the practical vaIue of the information in the foregoing report might be demon-
strated, simpIe flight tests have been made of the Number 10 coding.

Through the courtesy of the Army Air Corps at Langley Field, Vs., a Curb AT–5A air-
plane was obtained on which an adaptation of the Number 10 cowling was installed M shown
in Figures 34 and 35. A series of flights was made by the three piIots of the lebordory.

The maximum speed of this type airplane as in use at Langley Field had been reported at
118 miIes per hour. This was checked by making a series of leveI runs with a CurtissAT-5A
airplane at Iow altitude over the water at full power. The maximum speed was found h be

.—
...J.

118 miks per hour at 1,900 R. P. M,, both air speed and R. P. M. being measured on cxdibrated
instruments. Similar high speed runs made with the modi6ed AT–5A showed a performance
of 137 miles per hour at 1,900 R. P. M., an increase of 19 miks per hour. The original speed

. . .___

of 118 miles per hour was attained at 1,720 R. P. M. on the modified airplane-
WhiIe the type of cuwling as normslly installed on an AT–5 is not particularly adaptab~e

to speed, the increase is considered remarkable. Furthermore, the improvement of flying
quahties in smoothness of operation was SISOvery favorabIy commented upon by SE pilots
who have flown it. The air flow over the fuselage and over the tail surfaces is v~ obviously
improved.

The coohg of the engine was found to be normal in these tests. The oil temperature
reached 58° and was fairly constant, and there was no other indication of overheating. Like-
wise, there was no interferemx to the piIot’s vision in any useful field.

LANGLEY ME~ORIU AEROXAUILTCU IJKEIORATOEY,

~~TIONU AD~SORY COmUTTnEIFOE AERONAHCS,

IAN flLEY I?L33LD, VA., Ocfoter13,19%?.
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?i’KNUIE 9.—Double defiectcm

A40x&um widf~ 5+n 777idnesg~” L3X=I -

FIGUEE 10.-6IngIe defktor

—,

FIGCBE 1I.—J-6 eyllndersmountedon E-2enginefor sl!p+uwm Fmunx 12.-CowIingNo. 4,engineexposed
kmquecest.
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,

FIGURE 13.–c0whM No. 4 on fuseke whh stnbwingand18ndlnggew mountedIn theDMmkr res?nrchtunnel

FIGLTE 14,-Cowltng No. 5
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FIGURE 15.—CowllngNo.6

FIGGUE 16.—Cowling No:7,-bFiglnal .

FIGURE 17.—tiwllng No. 7, four slots
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FIGURE 21.—CowllngNo.8, withcut-outs

FIGURE Z2.-Cow11ng No.9

FIGURE Z3.-Cawltng Nm 10
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hJJBE 27.-Mridifled cowJJng No. 10 with nose P1OW removed shoy[ng deflectors bctvwen cyllnders

FIGURE Z8.-Cowllng No. 10 with No. 6 nose with spinner

JTIriurm 29.-No. 4 wtth edgine removed end noso roucded
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Prauu S2.—PropeIler No. 4412 (15° at 42 Inohes) on vsrlotxs

eJJW]hl~ without winE and with J-S eD@M

P’IGUIM 88.-ProueI.kr No. 4412 (2&at 42 hh?k) on VEIiOUSCOW~tXe

&thout wings and w!th J-6 engine-..

Froun~s~ 35.-Curt1ssA T-6 rdrplanewith No. 10oowling


